Abstract -A mathematical model of general gas emitting systems is derived, and a sample of relevant mathematical results is offered. The present paper indicates that shallow subsurface gas sources in typical volcanic areas can be located if appropriate physico-chemical measurements are made on the Earth's surface and put to use.
Introduction
Locating gas sources ranks among high priority goals of volcanic surveillance. In this work we explore the potential of making the grade via physico-chemical surface methods. Roughly speaking, we address ourselves to the following question. Assume that gas moves out of some extended underground source and travels towards the soil with vertical velocity through some homogeneous porous-permeable mediummuch as it happens in typical volcanic areas. Assume that both physical and chemical observations are made on the soil: namely, bulk gas flow is sampled at the Earth's surface over time and source gas concentration is measured at and beneath the Earth's surface. Can the gas source be located?
This paper demonstrates that -under suitable hypotheses, which are detailed below-the answer is yes, in principle.
Locating subsurface gas sources by surface methods results in a typical inverse problem. Inverse problems are currently intensively worked on both in mathematics and in geophysics, and occur in such areas of geophysics as, e.g., locating masses and heat sources based on gravity and temperature fields (see, e.g., GLASKO, 1984; GOSH ROY, 1991; MENKE, 1984; TARANTOLA, 1987) . However, the present case has received no attention thus far, to the best of the authors' knowledge.
Our work was spurred by the alert condition declared during springtime 1988 over the Island of Vulcano and the ensuing Summer 1988 Crash Programme by the Italian Gruppo Nazionale di Vulcanologia (see, e.g., SUNDRY AUTHORS, 1991).
Derivation of a Mathematical Model
We model the affairs as follows. The natural system of concern is idealized as a layer of some homogeneous porous-permeable medium sandwiched from above and from below by two bodies of different gases: the Earth's atmosphere, consisting of air, and an extended gas reservoir beneath, containing mainly carbon dioxide. The upper boundary of the layer is a reference plane that faces air and represents the Earth's surface; the lower boundary is a geometric two-dimensional surface that may uprise and subside over time, and represents the roof of the gas reservoir-i.e., the subsurface gas source. The former is bound to host data, the latter must be determined. The layer itself includes no sources or sinks of gas, and is filled up by a mixture of air and subsurface gas with varying composition-air percolates downward; the subsurface gas flows upward; both slowly move through the medium.
We assume the system is isothermal and the equation of perfect gases is in force. We choose to give prominence to diffusion and advection, and to ignore any extra process that might occur in fixing the configuration of our system.
We call time t, call space coordinates x; y and z, and let x stand for depth throughout. As usual, r ¼ gradient with respect to x; y and z; Á ¼ scalar product of vectors; div ¼ rÁ, the divergence operator; D ¼ div r, Laplace operator.
Let P and u denote the total gas pressure and the concentration of the subsurface gas, respectively. For convenience, we assume P is the ratio between the actual total pressure and the atmospheric pressure-dimensionless. Let q; q 1 and q 2 denote the total gas density, the density of air and the density of the subsurface gas, respectively. We have 
provided W ¼ bulk gas velocity. Therefore the flow rate of constituent no i; caused by diffusion and advection, amounts to ÀðD=P Þrq i þ q i W: The conservation of mass implies
